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The interference of a nonclassical light pulse with a coherent one
and the sub-Poissonian statistics formation.
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E-mail: ⋆ florentin p@hotmail.com
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Using the theoretical model of the optical beam-splitter, the interference of the self-phase modulated
ultrashort light pulse (SPM-USP) with the coherent one is investigated. It is found that, the choice
of the coefficient of transmission of the beam-splitter allows one to get the spectra of quadrature
fluctuations with forms of interest to us. It is shown that, the choice of the geometrical phase
gives one the control of the position of the ellipse of squeezing in the quadrature space XY . The
extended Mandel parameter is introduced and the photon statistics is scanned at all frequencies.
It is established that, the sub- and super-Poissonian statistics formation can be determined by the
choice of the nonlinear phase addition and initial linear phase shift between pulses. It is also shown
that, the self-phase modulation (SPM) leads to the additional modulation of total photon number
at the outputs of the beam-splitter.
PACS numbers: 42.50.A, 42-50.Dv, 42-25.H
I. INTRODUCTION
The formation of ultrashort light pulses (USPs) with
suppressed photon fluctuations remains in the focus of
considerable attention. The formation and application
of USPs in a nonclassical state make possible to combine
in experiments a high time resolution with a low level
of fluctuations. There are some methods to obtain the
USPs in the nonclassical state.
Parametric amplification is a technique that is most ex-
tensively used for the production of the USPs in the non-
classical state. In the case of degenerate three-frequency
parametric amplification, quadrature-squeezed light is
produced. However, this light is found to have super-
Poissonian photon statistics directly at the output of an
amplifier, and needs interferometers to transform it to
one with sub-Poissonian statistics.
One of the most interesting methods for production
of USPs in the nonclassical state is the self-phase mod-
ulation (SPM) in a nonlinear inertial medium [1–3]. In
this case the USP in the quadrature-squeezing state can
be formed with conservation of the photon statistics [4].
The SPM itself is not accompanied by a change in pho-
ton statistics. With the aid of nonlinear optical devices
in the presence of the SPM one can obtain light with
sub-Poissonian photon statistics (see [5]).
For the first time in [6] a simple method for the produc-
tion of the USPs with suppressed photon number fluctua-
tions was considered, which is based on the SPM of a USP
in a nonlinear inertial medium and subsequent transmis-
sion of a pulse through a dispersive optical element. The
accurate calculation of this process was conducted mak-
ing use of technique developed in [1–3].
In the present paper, the interference of the SPM-USP
with the coherent USP is analysed. The interference is
realized using the optical beam-splitter and the process
under consideration is analysed in the framework of the
quantum theory of SPM of USPs developed in [1–3].
The aim of the present article is to analyse the spec-
tra of quantum fluctuations of quadrature components
and the spectra of quantum fluctuations of the photon
number of the pulses at the outputs of an optical beam-
splitter. An extended Mandel parameter will be intro-
duced in order to analyse the photon statistics at all fre-
quencies. The modulation of the total photon number
will be analysed too.
II. SPECTRA OF QUANTUM FLUCTUATIONS
OF QUADRATURES OF SPM-USPS
For the first time in [1–3] the consequently quantum
theory of self-action of USPs in nonlinear inertial medium
based on the algebra of time-dependent Bose-operators
has been developed. When analysed from the quantum
point of view, SPM of USPs is described by the expres-
sion [1–3]
Aˆ(t, z) = eOˆ(t) Aˆ0(t), (1)
where Aˆ(t, z) is the annihilation Bose-operator in the
given cross section z of the nonlinear inertial medium,
Oˆ(t) = iγq[nˆ0(t)] and γq[nˆ0(t)] is nonlinear phase incur-
sion. The permutation relation takes place:
Aˆ0(t1)e
Oˆ(t2) = eOˆ(t2)+G(t2−t1)Aˆ0(t1), (2)
and the theorem of the normal ordering is valid
eOˆ(t) = Nˆ exp
{∫ ∞
−∞
[
eH(θ) − 1
]
nˆ0(t− θτr)dθ
}
, (3)
where G(t2 − t1) = iγh(t2 − t1), h(t) = H(|t|), H(θ) =
iγh˜(θ), h˜(θ) = τrh(θτr), τr is the relaxation time of the
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nonlinear medium and Nˆ is the operator of normal order-
ing. Here H(t) represents the nonlinear response func-
tion of the nonlinear medium (H(t) > 0 for t > 0 and
H(t) = 0 for t < 0). Eqs.(1-3) are written in the moving
frame t = t′ − z/u, z = z′, where t′ is the time measured
in co-moving frame and u is the speed of a pulse in the
nonlinear inertial medium.
The quadrature components of the light pulse are de-
fined by the expressions
Xˆ(t, z) = [Aˆ(t, z) + Aˆ+(t, z)]/2, (4a)
Yˆ (t, z) = [Aˆ(t, z)− Aˆ+(t, z)]/2i, (4b)
and for average values of quadratures we have [1–3]
〈Xˆ(t, z)〉 = |α0(t)|e−µ(t) cosΦ(t), (5a)
〈Yˆ (t, z)〉 = |α0(t)|e−µ(t) sinΦ(t). (5b)
In (5a-5b) we denoted Φ(t) = ψ(t) + ϕ(t), ψ(t) =
2γ|α0(t)|2 = 2γn¯0(t) and µ(t) = γ2n¯0(t) = γψ(t)/2. The
correlation functions of the quadrature components must
be introduced as [1–3]
RX(t, t+τ)=
1
2
[
〈Xˆ(t, z)Xˆ(t+τ, z)〉+〈Xˆ(t+τ, z)Xˆ(t, z)〉
− 2〈Xˆ(t, z)〉〈Xˆ(t+τ, z)〉
]
, (6a)
RY (t, t+τ)=
1
2
[
〈Yˆ (t, z)Yˆ (t+τ, z)〉+〈Yˆ (t+τ, z)Yˆ (t, z)〉
− 2〈Yˆ (t, z)〉〈Yˆ (t+τ, z)〉
]
, (6b)
where τ = t1−t (t1 is an arbitrary moment of time, t1 >
t). Using algebra of time-dependent Bose-operators (see
(2-3)) for the correlation functions we find
RX(t, t+ τ) =
1
4
{
δ(τ) − ψ(t)h(τ) sin 2Φ(t)
+ ψ2(t)g(τ) sin2Φ(t)
}
, (7a)
RY (t, t+ τ) =
1
4
{
δ(τ) + ψ(t)h(τ) sin 2Φ(t)
+ ψ2(t)g(τ) cos2Φ(t)
}
, (7b)
where we denoted h(τ)=τ−1r exp {−|τ |/τr}, g(τ) =
τ−1r (1 + |τ |/τr) exp {−|τ |/τr} and considered that non-
linear inertial medium is of a Kerr type. To get the ex-
pressions (7a-7b), the approximations τr ≪ τp , γ ≪ 1
have been used (τp is the pulse duration). The spectra
of the fluctuations of quadrature components are
SX(Ω, t) =
1
4
[
1− 2ψ(t)L(Ω) sin 2Φ(t)
+4ψ2(t)L2(Ω) sin2Φ(t)
]
, (8a)
SY (Ω, t) =
1
4
[
1 + 2ψ(t)L(Ω) sin 2Φ(t)
+4ψ2(t)L2(Ω) cos2Φ(t)
]
, (8b)
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FIG. 1. Dispersion [Z] of the X-quadrature component of
a pulse at time t=0 as a function of the maximum nonlin-
ear phase ψ(0) [X] and the reduced frequency Ω=ωτr [Y], at
values of the phase of the pulse which are optimal for Ω0=0.
where we denoted Ω = ωτr and L(Ω) = 1/[1+Ω
2]. At ini-
tial phase chosen optimal at the frequency Ω0 (see [1–3])
ϕ0(t) =
1
2
arctan
{
1
ψ(t)L(Ω0)
}
− ψ(t) (9)
the spectra (8a-8b) have the forms
SX(Ω0, t) =
1
4
[√
1 + ψ2(t)L2(Ω0)− ψ(t)L(Ω0)
]2
, (10a)
SY (Ω0, t) =
1
4
[√
1 + ψ2(t)L2(Ω0) + ψ(t)L(Ω0)
]2
. (10b)
At any frequency Ω the spectra (8a-8b) are given by:
SX(Ω, t) = SX(Ω0, t) +
1
2
ψ(t)[L(Ω)− L(Ω0)]
×
{
[L(Ω)+L(Ω0)]ψ(t)−[1+(L(Ω)+L(Ω0))
× L(Ω0)ψ2(t)][1+ψ2(t)L2(Ω)]−1/2
}
, (11a)
SY (Ω, t) = SY (Ω0, t) +
1
2
ψ(t)[L(Ω)− L(Ω0)]
×
{
[L(Ω)+L(Ω0)]ψ(t)+[1+(L(Ω)+L(Ω0))
× L(Ω0)ψ2(t)][1+ψ2(t)L2(Ω)]−1/2
}
. (11b)
The spectra of the quantum fluctuations of squeezed
X-quadrature at the initial phase chosen optimal at the
reduced frequency Ω0 = 0 are displayed in Fig.1. From
Fig.1 one can see that the squeezing of quantum fluctua-
tions is greatest at the frequency for which the phase of
the initial pulse was chosen optimal. In addition, in [1–3]
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have been shown that the spectra of quantum fluctua-
tions of quadrature components can be controlled by the
choice of the phase of the initial light pulse and that, at
the initial phase chosen optimal at the frequency Ω0 = 1,
the squeezing of quadrature component X is maximum
at frequencies ω ≈ 1/τr for ψ(t) > 1.
The choice of the optimal phase as (9) means that in
the quadrature’s space XY the big axis of the eclipse of
squeezing is parallel with the Y axis and consequently,
the squeezing of the X quadrature is maximum (see
(11a)). The transformation of the uncertainty region of
quadrature fluctuations, from the circle for the initial co-
herent light pulse to the ellipse for the SPM-USP, always
take place. The choice of the phase as (9) means the
orientation of the system of quadrature squeezing obser-
vation XY as the quantum fluctuations of X quadrature
are maximum suppressed.
III. THE INTERFERENCE OF SPM-USP WITH
A COHERENT ONE
In what follows we are interested in analysing of the
interference between the SPM-USP and coherent one. As
a theoretical model we use the model of the symmetric
beam-splitter [7] (double reflection angle of the incident
SPM-USP is pi/2). The interference scheme is presented
in Fig.2. The input-output operator transformations [7]
at the output # 1 are given by
Bˆ1(t) = i
√
RAˆ1(t, l) +
√
T Aˆ2(t), (12a)
Bˆ+1 (t) = −i
√
R Aˆ+1 (t, l) +
√
T Aˆ2(t), (12b)
and at the output # 2 they are
Bˆ2(t) =
√
T Aˆ1(t, l) + i
√
RAˆ2(t), (13a)
Bˆ+2 (t) =
√
T Aˆ+1 (t, l)− i
√
RAˆ+2 (t), (13b)
where l is the length of the nonlinear inertial medium
and R is the coefficient of reflection, R+ T = 1.
A. The spectra of quantum fluctuations of
quadratures at the beam-splitter output # 1
We define the quadrature components at the output #
1 of the beam splitter as (see (4a-4b))
Xˆ1(t) = [Bˆ1(t) + Bˆ+1 (t)]/2, (14a)
Yˆ1(t) = [Bˆ1(t)− Bˆ+1 (t)]/2i. (14b)
For average values of the quadrature components (14a-
14b) we find
〈Xˆ1(t)〉=|α0(t)|e−µ(t)[
√
T cosϕ2(t)−
√
R sinΦ1(t)], (15a)
〈Yˆ1(t)〉=|α0(t)|e−µ(t)[
√
T sinϕ2(t)+
√
R cosΦ1(t)], (15b)
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FIG. 2. The scheme of the optical beam-splitter (BS) in
which the interference between the nonclassical SPM-USP
and coherent SPM is realized. [1] and [2] represent the BS
outputs.
where Φ1(t) = ψ(t) + ϕ1(t), ψ(t) = 2γn¯1(t), µ(t) =
γψ(t)/2 and ϕ1(t) is the initial phase of the pulse in
nonlinear section. For the correlation functions of the
quadrature components we have
RX1(t, t+ τ) =
1
4
{
δ(τ) +Rψ(t)h(τ) sin 2Φ1(t)
+Rψ2(t)g(τ) cos2Φ1(t)
}
, (16a)
RY1(t, t+ τ) =
1
4
{
δ(τ)−Rψ(t)h(τ) sin 2Φ1(t)
+Rψ2(t)g(τ) cos2Φ1(t)
}
. (16b)
For the spectra of quadrature fluctuations we find
SX1(Ω, t) =
1
4
[
1 + 2Rψ(t)L(Ω) sin 2Φ1(t)
+4Rψ2(t)L2(Ω) cos2Φ1(t)
]
, (17a)
SY1(Ω, t) =
1
4
[
1− 2Rψ(t)L(Ω) sin 2Φ1(t)
+4Rψ2(t)L2(Ω) sin2Φ1(t)
]
. (17b)
At optimal phase (9) the spectra (17a-17b) take the
forms
SX1(Ω0, t) =
1
4
{[√
1 + ψ2(t)L2(Ω0) +Rψ(t)L(Ω0)
]2
− (2R− 1)2 ψ2(t)L2(Ω0)
}
, (18a)
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SY1(Ω0, t) =
1
4
{[√
1 + ψ2(t)L2(Ω0)−Rψ(t)L(Ω0)
]2
− (2R− 1)2 ψ2(t)L2(Ω0)
}
. (18b)
At any frequency Ω we have
SX1(Ω, t)=SX1(Ω0, t) +
1
2
Rψ(t)[L(Ω)− L(Ω0)]
×
{
[L(Ω) + L(Ω0)]ψ(t) + [1 + (L(Ω)+L(Ω0))
× L(Ω0)ψ2(t)][1+ψ2(t)L2(Ω0)]−1
}
, (19a)
SY1(Ω, t)=SY1(Ω0, t) +
1
2
Rψ(t)[L(Ω)− L(Ω0)]
×
{
[L(Ω) + L(Ω0)]ψ(t) − [1 + (L(Ω)+L(Ω0))
× L(Ω0)ψ2(t)][1+ψ2(t)L2(Ω0)]−1
}
. (19b)
As one can see from (19a-19b) the interference of the
SPM-USP with the coherent USP does not influence the
quadrature squeezing of the SPM-USP. The choice of the
coefficient of reflection R of the beam-splitter allows us to
receive the spectra of squeezing (see (19a-19b)) of interest
to us. One can conclude that, the lost of photons from
SPM-USP as a result of division in the beam-splitter is
follows by the reduction of squeezing. In fact this lost is
compensated by the coherent USP. The spectra of quan-
tum fluctuations of Y1 quadrature at time t = 0 as a
function of maximum nonlinear phase ψ(0) = ψ0 and the
reduced frequency Ω in the case of the 50% beam-splitter
(R = T = 1/2) is displayed in Fig.3. On Fig.3 one can
see that, in this case the squeezing is reduced at one half.
Also, it is important to remark that, as a result of sym-
metric reflection the squeezing from the X quadrature is
moved in the Y quadrature. This means that the ellipse
of squeezing is moved in the XY frame with an angle
equal to double reflection angle. From theoretical point
of view this is expressed by the presence of the index
i = exp (ipi/2) in the (12a-12b) and (13a-13b). The dou-
ble angle of reflection can be interpreted as a geometrical
phase. The choice of the position of the beam-splitter
relative to direction of propagation of the SPM-USP al-
lows us to control the position of the ellipse of squeezing
in the XY frame.
B. The spectra of quantum fluctuations of
quadratures at the beam-splitter output # 2
At the output # 2 the quadrature components are de-
fined as
Xˆ2(t) = [Bˆ2(t) + Bˆ+2 (t)]/2, (20a)
Yˆ2(t) = [Bˆ2(t)− Bˆ+2 (t)]/2i. (20b)
For the average values of quadrature components we find
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FIG. 3. Dispersion [Z] of the Y1- quadrature component of
a pulse at time t=0 as a function of the maximum nonlin-
ear phase ψ(0) [X] and the reduced frequency Ω=ωτr [Y], at
values of the phase of the pulse which are optimal for Ω0=0
(R = T = 1/2).
〈Xˆ2(t)〉=|α0(t)|e−µ(t)[
√
T cosΦ1(t)−
√
R sinϕ2(t)], (21a)
〈Yˆ2(t)〉=|α0(t)|e−µ(t)[
√
T sinΦ1(t)+
√
R cosϕ2(t)]. (21b)
Leaving out the preliminary accounts for the correlation
functions of the quadrature components we get
RX2(t, t+ τ) =
1
4
{
δ(τ) − Tψ(t)h(τ) sin 2Φ1(t)
+ Tψ2(t)g(τ) cos2Φ1(t)
}
, (22a)
RY2(t, t+ τ) =
1
4
{
δ(τ) + Tψ(t)h(τ) sin 2Φ1(t)
+ Tψ2(t)g(τ) cos2Φ1(t)
}
. (22b)
In consequence, for the spectra of quantum fluctuations
of quadratures we have
SX2(Ω, t) =
1
4
[
1− 2Tψ(t)L(Ω) sin 2Φ1(t)
+4Tψ2(t)L2(Ω) sin2Φ1(t)
]
, (23a)
SY2(Ω, t) =
1
4
[
1 + 2Tψ(t)L(Ω) sin 2Φ1(t)
+4Tψ2(t)L2(Ω) cos2Φ1(t)
]
. (23b)
The spectra (23a-23b) at optimal phase (9) are:
SX2(Ω0, t) =
1
4
{[√
1 + ψ2(t)L2(Ω0)− Tψ(t)L(Ω0)
]2
−(2T − 1)2ψ2(t)L2(Ω0)
}
, (24a)
SY2(Ω0, t) =
1
4
{[√
1 + ψ2(t)L2(Ω0) + Tψ(t)L(Ω0)
]2
−(2T − 1)2ψ2(t)L2(Ω0)
}
. (24b)
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At any frequency Ω the spectra (23a-23b) take the forms
SX2(Ω, t)=SX2(Ω0, t) +
1
2
T ψ(t)[L(Ω)− L(Ω0)]
×
{
[L(Ω) + L(Ω0)]ψ(t) − [1 + (L(Ω)+L(Ω0))
× L(Ω0)ψ2(t)][1+ψ2(t)L2(Ω0)]−1
}
, (25a)
SY2(Ω, t)=SY2(Ω0, t) +
1
2
T ψ(t)[L(Ω)− L(Ω0)]
×
{
[L(Ω) + L(Ω0)]ψ(t) + [1 + (L(Ω)+L(Ω0))
× L(Ω0)ψ2(t)][1+ψ2(t)L2(Ω0)]−1
}
. (25b)
As already have been remarked in the previous analyse,
the spectra of quadrature fluctuations can be controlled
by the choice of the coefficients of the beam-splitter (see
(19a-19b)). It is interesting to remark that, in case of the
symmetric 50% beam-splitter, the squeezing of quadra-
ture fluctuations at output # 2 is present only in the X2
quadrature and it is reduced at one half (see (25a-25b)).
Since the geometrical phase is equal to 0 in the analysed
case (the refracted part of the SPM-USP does not change
the direction of propagation in comparison with the ini-
tial SPM-USP) the ellipse of squeezing does not change
this initial position in the XY frame and has the big axis
parallel to Y axis.
IV. THE SPECTRA OF FLUCTUATIONS OF
PHOTON NUMBER AND THE STATISTICS
We introduce the correlation function of photon num-
ber at the output number j (j = 1, 2) in the following
symmetric form
RN,j(t1, t2) =
1
2
[
〈Nˆj(t1)Nˆj(t2)〉+ 〈Nˆj(t2)Nˆj(t1)〉
−2〈Nˆj(t1)〉〈Nˆj(t2)〉
]
. (26)
To simplify the accounts we consider that the initial
pulses have the identical average values of the photon
number (n¯1(t) = n¯2(t) = n¯0(t)). Using the algebra of
time-dependent Bose-operators (2-3) for the correlation
functions we get
RN,1(t, t+ τ)= n¯0(t)
[
δ(τ)− 2R
√
RTψ(t)h(τ) cos Φ˜(t)
+RTψ(t)h(τ) sin 2Φ˜(t)
+RTψ2(t)g(τ) cos2 Φ˜(t)
]
, (27a)
RN,2(t, t+ τ)= n¯0(t)
[
δ(τ) + 2T
√
RTψ(t)h(τ) cos Φ˜(t)
+RTψ(t)h(τ) sin 2Φ˜(t)
+RTψ2(t)g(τ) cos2 Φ˜(t)
]
. (27b)
where in (27a-27b) is denoted τ = t1−t (see (6a-6b)),
Φ˜(t) = ψ(t) + ∆ϕ(t), ∆ϕ(t) = ϕ1(t) − ϕ2(t). In the
case of the symmetrical 50% beam-splitter, the spectra
of quantum fluctuations of the photon number at the
measured time T have the forms
ST ,1(Ω, t)=N¯ + n¯0(t)ψ(t)L(Ω)
( T
τp
)[
− cos Φ˜(t)
+
1
2
sin 2Φ˜(t) + ψ(t)L(Ω) cos2 Φ˜(t)
]
, (28a)
ST ,2(Ω, t)=N¯ + n¯0(t)ψ(t)L(Ω)
( T
τp
)[
cos Φ˜(t)
+
1
2
sin 2Φ˜(t) + ψ(t)L(Ω) cos2 Φ˜(t)
]
, (28b)
where N¯ = ∫∞
−∞
n¯0(t)dt is the total photon number of
the initial coherent USP. An extended Mandel parame-
ter at all frequencies describing the photon statistics at
measurement time T can be introduced as
QT ,1(Ω, t) = εT ,1(Ω, t)
/
n¯0(t)
= ψ(t)L(Ω)
( T
τp
)[
− cos Φ˜(t)+1
2
sin 2Φ˜(t)
+ ψ(t)L(Ω) cos2 Φ˜(t)
]
, (29a)
QT ,2(Ω, t) = εT ,2(Ω, t)
/
n¯0(t)
= ψ(t)L(Ω)
( T
τp
)[
cos Φ˜(t)+
1
2
sin 2Φ˜(t)
+ ψ(t)L(Ω) cos2 Φ˜(t)
]
, (29b)
where in (29a-29b) we denoted εT ,j(Ω, t)=ST ,j(Ω, t)−N¯ .
The statistics of photon number can be controlled by
the choice of the nonlinear phase addition ψ(t) and lin-
ear phase shift △ϕ(t). The dependence of the extended
Mandel parameter QT ,1(Ω, t) at time t = 0, T /τp = 1/10
and △ϕ(t)=pi/2 on ψ0 and Ω is displayed in Fig.4. As
follows from Fig.4, for different values of the nonlinear
phase addition, the statistics of photon number can be
as super-Poissonian as sub-Poissonian. The maximum
increase or decrease of photon number fluctuations take
place around the central frequency Ω=0. From Fig.4 it
follows that in case △ϕ(t) = pi/2 the first suppression
of the photon number fluctuations takes place around
ψ(t) = 3.5 and it can be observed at all frequencies from
0 to ω ≈ 2/τr.
It is important to mention that, if the radiation is
monochromatic, the formulas (29a-29b) remain valid. In
this case, there are no second and third terms in (29a-
29b) and the reduced frequency Ω=0, as since all the
photons have the same frequency. The presence of these
terms is connected with the correlation between modes
of SPM-USP (see [2]) and in consequence, the quantum
fluctuations of the photon number for the pulse field will
be “smoothed-out” at the frequency Ω=0 in comparison
with the monochromatic radiation.
5
01
2
3
4
5
6
X
0
1
2
3
4
5
6
Y
-0.5
0
0.5
1
1.5
2
Z
FIG. 4. The dependence of the extended Mandel param-
eter QT ,1(Ω, 0) [Z] on the maximum nonlinear phase ψ0 [X]
and the reduced frequency Ω=ωτr [Y] at T /τp = 1/10 and
△ϕ(t) = pi/2.
V. THE MODULATION OF THE TOTAL
PHOTON NUMBER
Let us introduce the photon number operator at the
measurement time T [6]
NˆT ,j(t) =
∫ t+T /2
t−T /2
Nˆj(t
′
)dt
′
, (30)
where
Nˆj(t) = Bˆ
+
j (t)Bˆj(t). (31)
To simplify the accounts, in following we consider that
n¯1(t) = n¯2(t) = n¯0(t) and then we get
〈NˆT ,1(t)〉=T n¯0(t)
{
1−2
√
RT sin [ψ(t)+△ϕ(t)]
}
, (32a)
〈NˆT ,2(t)〉=T n¯0(t)
{
1+2
√
RT sin [ψ(t)+△ϕ(t)]
}
. (32b)
where n¯0(t) = n¯0ρ(t) and ρ(t) is the envelope of the pulse.
As can be seen from (32a-32b), for different values of
the linear phase shift △ϕ(t) of the initial coherent light
pulses, all photons can be distributed only in one of the
outputs of the beam-splitter. This property is specific
for the quantum interference only and has no classical
analogue.
Let us introduce the total number operator at the
beam-splitter output # 1 as
Nˆ1 =
∫ ∞
−∞
Nˆ1(t)dt, (33)
and for its average value we obtain
X
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FIG. 5. The dependence of N¯1/N¯ [Y] on the maximum
nonlinear phase ψ0 [X] for △ϕ = 0.
N¯1 = N¯
[
1− 2
√
RT
sin(ψ0/4)
ψ0/4
sin
(
ψ0
4
+△ϕ
)]
. (34)
To get (34) we considered that the initial pulses are
quite Gaussian, their envelopes having the form ρ(t) ≈
exp
{−t2/2τ2p}/√2, and that △ϕ(t)=△ϕ is a constant.
The dependence of N¯1/N¯ at maximum nonlinear phase
addition ψ0 for 50% beam-splitter and△ϕ=0 is displayed
in Fig.5. As follows from (34) the SPM process leads to
the additional modulation of the total photon number. In
consequence, the choice of the maximum nonlinear phase
addition ψ0 and the initial phase shift △ϕ allows us to
control the total photon number at the outputs of the
beam-splitter.
VI. DISCUSSIONS AND CONCLUSIONS
The analyse of the interference process of the SPM-
USP with coherent USP, based on the algebra of time-
dependent Bose-operators, allows us to understand in
which way the interference leads to the sub- and super-
Poissonian photon statistics formation. Analysing the
spectra of quantum fluctuations of quadrature compo-
nents was concluded that, the position of the optical
beam-splitter plays an important role in the quadrature
squeezing observation. The initial phase, chosen optimal
for a determined frequency plays a role of the phase of ref-
erence. Its choice means that, the XY frame is placed so
as the observed squeezing of quadrature X is maximum.
As a result of reflection of the SPM-USP at the beam-
splitter, the ellipse of squeezing will move itself in the
XY frame with an angle equal to the geometrical phase.
The geometrical phase can take the values for which the
squeezing cannot be observed in X or Y quadratures.
Let us take into consideration the case in which we get
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the initial phase of the light pulse in the nonlinear sec-
tion arbitrary. In this case the ellipse of squeezing is
located arbitrary in the XY frame and it is possible do
not observe the squeezing of quadrature fluctuations in
the measurements. In case we chose the initial phase op-
timal, we locate the ellipse of squeezing in the XY frame
so as the small axis of the ellipse will lie along the X axis.
In consequence, the observed squeezing of X quadrature
fluctuations is maximum. If we do not know the position
of the ellipse in the XY frame (taking the initial phase
arbitrary), then rotating the beam-splitter we can orien-
tate the XY frame so as the ellipse of squeezing can be
displayed with small axis along X axis and the squeezing
of the X quadrature fluctuations can be observed.
Up to now, it is considered that, after reflection from
the beam-splitter, the squeezing of the quadrature fluc-
tuations can be affected and complete disappeared as
a result of the vacuum fluctuations participation at the
other input of the beam-splitter. This interpretation is
not quite correct. It is important to mention that, the
presence of vacuum fluctuations was already taken into
account when the SPM process in the nonlinear inertial
medium was analysed from quantum point of view [2].
The presented in the recent work analyse gives the in-
dication about the use of the nonclassical light pulses
in gravitational wave detection. There are two points
of interest. One is represented by the choice of the ini-
tial phase of a pulse at the input in nonlinear inertial
medium which will determine the position of the ellipse
of squeezing of quadrature fluctuations in the XY frame.
This optimal phase must be interpreted as the phase of
reference. Other point is represented by the reflection of
the SPM-USP from the surfaces, as since the addition of
the geometrical phase will rotate the ellipse in the XY
frame consequently. These points must be taken into
account when the experiments for gravitational wave de-
tection are implemented using the USP in nonclassical
state.
The extended Mandel parameter is introduced and the
photon statistics is scanned at all frequencies. It is shown
that, the statistics of the photon number can be con-
trolled by choice of the nonlinear phase addition and the
linear phase shift of the initial coherent light pulses. The
choice of the linear phase shift represents an effective
method of control of the sub- or super-Poissonian statis-
tics formation and of the modulation of the total photon
number.
It is interesting to mention that, the analyse of the
interference process between two SPM-USPs can leads
to the determination of the evolution of the linear pa-
rameters of the ellipse of squeezing as a functions of the
nonlinear phase addition. This analyse will be the sub-
ject of another publication.
The author is grateful to S. Codoban (JINR, Dubna) for
useful discussions and rendered help.
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